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(57) ABSTRACT 

A method and system for operation of a personal base station 
where the forward link of a personal base station is on the 
same fincquency assignment as a first forward link data signal 
transmitted by a macro base station belonging to a cellular 
communication system. A first subscriber station communi- 
cates with the macro base station. The personal base station 
generates a second forward link data signal and communi- 
cates with a second subscriber station. The personal base 
station receives the first forward link data signal and com- 
bines it with its own second forward hnk data signal to form 
a combined forward link data signal. The personal base 
station then transmits the combined forward link data signal. 
The first subscriber station is able to receive and diversity 
combine the combined forward link data signal, improving 
the signal to noise ratio that would otherwise occur in the 
vicinity of the personal base station. 

32 Claims, 6 Drawing Sheets 
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METHOD AND SYSTEM FOR PROVIDING convenient landline connection is not available, such as 

PERSONAL BASE STATION when they are away from their home or office. This leads to 

COMMUNICATIONS inconvenience as the user must switch between phones when 

entering or leavinc his home or office. 

BACKGROUND OF THE INVENTION ^o - * i*iu uu . ^ 

5 Some prior art wireless telephones have been suggested 

1. Field of the Invention which operate in a dual-mode cellular/cordless manner in a 
The present invention relates to wireless communication common handsel. These prior art wireless telephones pro- 
systems. More particularly, the present invention relates to a vide cellular service to the PSTN through the macro cells of 
novel and improved method and system for providing per- a cellular commtmication system, and cordless service to the 
sonal base station communications within the coverage area PSIN through a "micro" base station such as a standard 
of a cellular base station. cordless telephone base unit. The dual-mode cellular/ 
II Description of the Related Art cordless handset automatically switches between the stan- 
Aswirelesscommunicationsystemsbecomemorepreva- cellular mode of operation and the cordless mode of 
lent in society, the demands for greater and more sophisti- ^P^^^lf ° ^^^^ userfransitions into the coverage area of the 
cated service have grown. To meet the capacity needs of niicro base station. Thus when the user is away from home 
wireless communication systems, techniques of multiple ^^"""f^ dual-mode phone m the ceUular mode, and mcurs 
access to a limited communication resource have been ^^^^ charges. However, when the user is withm 
developed. The use of code-division multiple access the coverage area of the cor^ess telephone base umt, 
(CDMA) modulation techniques is one of several techniques ^P^^^^.^ ^^f dual-mode 
r r 'v. 4* • i_ 1 i_ f phone m the cordless mode, avoidms the cellular service 
for faciutating communications in which a large number of ^. ^ ^^liuai 

system users are present. Other multiple access techniques, ^ arges. 

such as time-division multiple access (TDMA) and A problem with the prior art solution is that since the 
frequency-division multiple access (FDMA) are known in dual-mode telephones typicaUy must operate on two diflfer- 
the art. However, spread-spectrum modulation techniques of „ ent frequency bands and use two different communication 
CDMA have significant advantages over these other modu- protocols and modulation schemes, they must include addi- 
ction techniques for multiple access communication sys- ^ional costly components. For example, they typically 
terns. include separate transmit and receive paths for the cellular 
TTie use of CDMA techniques in a multiple access com- cordless signal^ complex switches and special 
munication system is disclosed in U.S. Pat. No. 4,901,307. 30 control circuits These additional components add cost, size 
issued Feb. 13, 1990, entiUed "SPREAD SPECTRUM ^^^^ht to the prior art dual-mode telephones. 
MULTIPLE ACCESS COMMUNICATION SYSTEM What is needed is a communication system that simulta- 
USING SATELLITE OR TERRESTRIAL REPEATERS/' neously provides cellular service and local wireless service 
assigned to the assignee of the present invention and incor- without increasing the cost or complexity of the subscriber 
porated herein by reference. The use of CDMA techniques 35 station. 

in a multiple access communication system is further dis- ciTx^n^f adv nx: rat TKrv/cNmriM 

closed in U.S. Pat. No. 5,103,459. issued Apr. 7, 1992, SUMMARY OF THE INVENTION 

entiUed "SYSTEM AND METHOD FOR GENERATING The present invention is a novel and improved method 

SIGNAL WAVEFORMS IN A CDMA CELLULAR TELE- and system for providing personal base station commtmica- 

PHONE SYSTEM," assigned to the assignee of the present 40 tions within the "cell" of a cellular base station. As defined 

invention and incorporated herein by reference. The use of and used herein the term "cell" will refer to a geographical 

CDMA techniques in a muUiple access communication coverage area whereas the term "cell-site" will be used to 

system is also further disclosed in U.S. Pat. No. 5,101.501. refer to the physical equipment used to perform 

issued Mar. 31, 1992, entitled "METHOD AND SYSTEM communications, i.e. one or more base stations. The present 

FOR PROVIDING A SOFT HANDOFF IN COMMUNI- 45 invention provides a method and system for operation of a 

CATIONS IN A CDMA CELLULAR SYSTEM," assigned personal base station where the forward link (base station to 

to the assignee of the present invention and incorporated subscriber station) of a personal base station is on the same 

herein by reference. frequency assignment as the forward link of a macro base 

The teachings of the just mentioned patents have been station belonging to a cellular communication system. By 

applied to relatively large wireless communication systems 50 operating the personal base station on the same frequency 

such as cellular telephone systems that, in turn, interface assignment as the macro base station, an operator is not 

with a public switched telephone network (PSTN). In this required to use additional spectrum in order to support the 

way, the user of a subscriber station such as a cellular micro base station. Since an operator has a fixed amount of 

telephone may generally originate or receive calls from any spectrum allocated to it, and if the operator was using au of 

other communication device connected to the PSTN as long 55 its existing spectra, the operator would have to undergo great 

as the subscriber station is located within the geographical expense to add more cells to free up a frequency. Other 

coverage area of any wireless base station belonging to the alternatives such as obtaining more spectrum are generally 

cellular system. The coverage area for these base stations not available to an operator. Although the present invention 

generally extends several miles. The base stations of these is disclosed herein with reference to a CDMA system, it is 

cellular systems are generally referred to as "macro" base so understood that the teachings are equally applicable to other 

stations, and their respective cell sites as "macro" cell-sites. wireless communication schemes, whether digital or analog. 

Due to the relatively high cost of cellular telephone and regardless of the modulation scheme employed, 

service through these macro base stations as compared to In the present invention, a first wireless base station is 

traditional landline telephone service, it is not presently cost operated on the same frequency band as a second wireless 

effective to use a cellular telephone for all of one's desired 65 base station. The first wireless base station, a "macro" base 

telephone communications. Thus, users of cellular tele- station, generates and transmits a first forward link data 

phones generally use the cellular telephone only when a signal and communicates with a first subscriber station. A 
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second wireless base station, a "micro" base station, gener- predetermined number of consecutive power control com- 

ates a second forward link data signal and communicates mands indicating an increase in transmit power. In an 

with a second subscriber station. The second wireless base alternative embodiment, the base station informs the second 

station receives the first forward link data signal and com- subscriber station of the maximum power that the second 

bines it with its own second forward link data signal to form 5 subscriber station using the miao base station is aUowed to 

a combmed forward Unk data signal. Iht second wireless transmit. The second subscriber station is not aUowed to 

base station then transmits the combmed forward link data exceed this power while communicating with the micro base 

signal. Thus, the first subscriber station, which is in com- ^^^^^^ ^^^^ subscriber station using the micro 

mumcation with the macro base station, is able to receive ^^^^^ ^^^^^es this limit, the micro base station will 

and diversity combme ttemaCTO base stauonfon^^ continually send power control commands to have the 

data from the combined forward hnk data signal transmitted ^^^^^ subscriber station increase its output power; 

by the micro base station, improving the signal to noise raao ^^^^^^^^ ^ subscriber station does not increase its 

that would otherwise occur in the vicmity of the micro base m,- k«^^ ^- .u^- 

^ transmit power. The micro base station can then sense that 

^ \ J. ^ second subscriber station is at the edge of coverage and 

In a first embodiment of the present invention, the micro ^5 ^^^^^^ j^^ ^^^ro base station can set the maximum 

base station combines the first forward Hnk signal with its a^j^unt of power that the second subscriber station is 

ownoutgoingsecond forward link signal at radio frequency ^Uowcd to transmit by monitoring the amount of power 

(RF). In a second embodiment of the present mvention, the ^^ich is received from the macro base station, 

micro base station combines the first forward link signal , . -.u *u * p*u * - ** 

-.^ ^ _ . • J f J 1- 1 ■ 1 * In accordance with another aspect of the present mvention 

with Its own outgoing second forward link signal at an ^, . * * • n • 1 j c 

- * — J* 4 * /TT-v the macro base station typically mcludes means for main- 

mtermediate frequency (IF). . . , * , r 

• - t t , . . , i. tammg extremely accurate time and frequency reference. 

T^c present mvention also delays the received first for- ^ accomplished by means of a Global 

ward Imk data signal for a predetermined delay period prK,r p^^tio^ System (GPS) sateUite receiver or other expen- 

to combimng it wiUi the second forward Imk data signal so equipment. However, it may be prohibitively expei^ive 

tha u appears to the first subscnber station as a resolvable ^5 ^ ^^^^ j^^^^ equipment at the micro base 

multipath sigpaL In order to avoid self-interference, the suition. Thus, in the present invention, the micro base station 

second wireless base station switches between receivmc the l» • *l ♦ *• j r r r 

„ - J , , - , , . . , , obtains the accurate time and frequency reference from the 

first forward hnk data signal and transmitung the combmed ^^^^^^ ^^^.^^ 

forward hnk data signal at a predetcrmmed switchmg includes a demodulator which demodulates the received first 

penod. In the preferred embodmient, the predetermmed 30 forward link data signal, and time reference determining 

switchmg penod results in appioxmiately a 50% transmit determining a time reference from the demodu- 

duty cycle TTius. the micro base station does not transmit ^^^^ ^ ^^^^ Furthermore, the 

substantially contmuously but rather switches roughly on ^^^^^^ ^ determining 

he ha^-mterval of a predetermmed tmie interval between determining a fr^uency reference from thi 

transinitting a combined signal, ml receiving the first for- 35 demodulated received first forward link data signal, 
ward link signal from the macro base station. 

In another aspect of the present invention, a power BRIEF DESCRIPTION OF THE DRAWINGS 
measurer in the micro base station measures a power level 

of the delayed received first forward link data signal and a features, objects, and advantages of the present 

gain adjuster adjusts the power level of the delayed received 40 mvention wiU become more apparent from the detailed 

first forward Unk data signal in response to the power level description set forth below when taken m conjunction with 

measurement in order to scale the first forward link data drawings in which like reference characters identify 

signal with respect to the second forward link data signal. In correspondingly throughout and wherein; 

the preferred embodiment, the scaling factor is determined FIG. 1 is a graph of received power as a function of 

in accordance with the received power of the first forward 45 distance from a macro base station and a micro base station 

link signal as measured by the power measurer. This scaling of the present invention; 

is performed in order to ensure sufficient energy of the FIG. 2 is an overview block diagram of the system of the 

retransmitted macro base station forward link data at the first present invention; 

subscriber station without unduly degrading the signal to piG. 3 is a block diagram of a first embodiment of the 

noise ratio of the micro base station's own forward hnk data 50 micro base station of the present invention; 

at the second subscriber station. - . uiij- e j uj- .^.u 

^. FIG.4isa block diagram of a second embodiment of the 

In accordance with another aspect of the present micro base station of the present invention; 

mvention, unacceptable mterference from the second sub- r.,^ ^ * . i- , • ^ . 

scriber station, which is communicating with the micro base f^^^^P^^^ ^° exemplary portion of the macro base 

station, is avoided by the miao base station either termi- 55 elation forward link as transmitted over an arbitrary time 

nating communication with second subscriber station or interval, 

executing a handoff of the second subscriber station to the a graph of an exemplary portion of the micro 

macro base station when the transmit power of the second station conabined forward link as transmitted over the 

subscriber station exceeds a predetermined threshold. In this s^™^ arbitrary time interval as FIG. 5A; and 

regard, a power control command generator in the micro 60 FIG. 6 is a block diagram of an exemplary encoding and 

base station generates power control commands, each of the modulating apparatus of the macro base station. 

power control commands indicating an increase or decrease norrA it cn ncor^DitmriXT rvc ttje? 

in transmit power. A transmitter in the micro base station DETi^ED DESCRIPTION OF THE 

U-ansmits these power control commands to the second PREFERRED EMBODIMENTS 

subscriber station. To avoid excessive interference, the 65 In a CDMA cellular system, such as that described by 

micro base station terminates communication with the sec- Telecommunications Industry Association (TIA)/ 

ond subscriber station if the micro base station transmits a Electronics Industries Association (EI A) Interim Standard 
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1S-9S, entitled "Mobile Station — Base Station Compatibility station, becomes large enough to cause unacceptably high 

Standard for Dual-Mode Wideband Spread Spectrum Ccl- demodulation error rales. 

hilar System." the forwarf Imk ^ase station to naobile An example of the dilemma illustrated in FIG. 1 is when 

station operates .n a 1.25 MHz foquency channel. For ^ ^^bUe telephone user, communicating with a macro base 

example, according to lS-95, the forwiud link of a bas^ 5 ^-^ ^ ^^-^^ .^j^^^ ^.^^^ ^ ^ 

Station may operate on a particular 1.25 MHz CDMA .... ii_ . r -n- i 

channel assigned from among a plurality 1.25 MHz-widc ^ f '^"^ ''^^ operaUng its forward Imk on 

CDMA chamicls located in the 869.70 MHz to 893.31 MHz fr«l''«°'=yi«'g°P'«'" the forward hnk of the 

macro base station. Since the personal base station belongs 

f • t ^rx»* A . . . . /y to the homeowner, it is generally programmed to accept call 

A smgle CDMA base station may transmit different lo originations or handoEk from ''home" subscriber stations 

mformationsignalstoeachofitsmuluplesubscr^^ „^ ^^^^ ^^^^^ ^ associated with the micro base 

over the same 1.25 MHz frequency channel. Tie CDMA ^.^^^j not from "foreign" subscriber stations (i.e.. 
base stauon may modulate each respective mformatioo 

signal with a dJEerent pseudo-no^ (PN) code which ^e accomplished, for example, by the micro base 
spreads the mfonnation s.gna m frequency. A particular ,s station recognizing the identity of the mobile station, such as 
subscnber station is then able to discrmimate the informa- j^^gj ofESN, which is aUowed to make an origination 
uon s^nal of interest to it by correlating the received signal „ ^rform a handotf. TTiis can be verified in order to prevent 
with the same PN code that was used by the base staUon to ^^^^ ^ use of an authentication key or Pe,«)nal 
modulate that signal, thereby despreading only the desired identification Number (PIN) shared by the "home" sub- 
information signa^. The remamder of the information 20 scriber station and the micro base station. Tlie micro base 
Signals, whose codes do not match, are not despread in ... i u • r j u *u *, i r • j 
t , \ t ^ . . . * i- . *^ . , station may also be miormed by the network of authorized 

bandwidth. As a result, these other mfomaation signals ^*/t: c tu ; u«« , « 

, , , ^ * , M . ^ , mobile stations and the micro base station may recognize 

contribute to noise at the subscnber station receiver and ^^^^^ ^ ^^j^ j^gl or ESN. TTius, as the mobile 

repre^nt a seU-mterference generated by the CDMA sys- approaches the house, the interference from 

tem. For smnlar reasons signals from neighbonng base ^5 the personal base station would become unacceptably high 

stations also contribute to the noise at the subscnber station ^ „f invention, 
receiver. 

As long as the ratio of the energy per bit (E^) of the i Micro Base Station Repeater 
desired information signal to the noise power spectral den- 
sity (N(j) of the operating environment is sufficiently large, 30 ^® present invention provides a method and apparatus 
the desired information signal may be successfully demodu- operation of a personal base station where the forward 
lated. However, when the E^/Nq of the desired information of »he personal base station is on the same frequency 
signal is low, such as in the presence of significant interfer- channel as the forward link of a macro base station belong- 
ence from other base stations, error rates become unaccept- ing to a neighboring wireless communication system. The 
ably high. For these reasons, as a subscriber station moves 35 soli^fion is for the personal base station to "listen" for a 
from the coverage area of a first base station into the portion of the time to what the macro base station is 
coverage area of a second base station, it will generally transmitting on its forward link to the subscriber station. The 
execute a "handoff * from the first base station to the second micro base station then combines the macro base station 
base station when signals from the second base station forward link data with its own outgoing forward fink data, 
exceed a predetermined threshold. These general principles 40 ^® signals may be scaled relative to each other and 
are described in more detaU in the above-mentioned patents. combined so that a passing subscriber station could demodu- 
The same general principles of acceptable signal to noise '^te its desired information signal, which originated at the 
ratio apply to other wireless communication systems as well. "^^^^o base station, from the combined signal transmitted by 

TTiis presents a significant problem if a personal base the micro base station. An overview of the system 200 of the 
station is operated on the same assigned 1.25 MHz fre- 45 P^^^°^ invention is illustrated in FIG. 2. 
quency charmel as a neighboring macro base station. The 1° FIG. 2, a mobile station 222 is shown in communica- 
problem is illustrated by FIG. 1. Line 102 represents the tion with macro base station 204. Thus, the desired infor- 
power received at a subscriber station from a macro base mation signal for mobile station 222, as part of the macro 
station as a function of the distance from the macro base base station forward link data, is transmitted by transceiver 
station. Line 104 represents the power received at the 50 (XCVR) 218 over macro base station antenna 216 and 
subscriber station from the personal base station, which will forward link path 226. Mobile station 222 receives the 
also be referred to herein as a "micro" base station, as a macro base station forward link data via antenna 220. 
function of distance from the micro base station. Thus, as a Mobile station 222 also transmits a reverse link signal via 
subscriber station which is communicating with the macro antenna 220 and over reverse link path 228 which is cap- 
base station moves away from the macro base station, and 55 tured by macro base station antenna 216 and received by 
toward the micro base station, the relative power received XCVR 218, Thus, mobile station 222 would generally 
from the micro base station increases. In order to be correspond to the "foreign" subscriber station which is not 
inexpensive, a personal base station is relatively small and associated with the micro base station 202. 
does not have the resources to accept a handoff from a Also shown in FIG. 2 is a portable station 236 in com- 
neighboring macro base station, even if it were desirable to 60 munication with micro base station 202. The forward link 
do so. Furthermore, if the micro base station had the signal transmitted by micro base station 202 is received by 
resources to accept handoffs, it may not be desirable to the portable station 236 over forward link path 232. Portable 
operate the micro base station in a manner in which it station 236 also transmits a reverse link signal over reverse 
accepts all handofik or calls from the macro base station. Unk path 234 which is received by micro base station 202. 
Thus, at some distance, designated "D", the power received 65 Thus, portable station 236 would generally correspond to the 
from the micro base station, which represents interference to "home" subscriber station which is associated with the 
the subscriber station communicating with the macro base micro base station. Portable station 236 may also be able to 
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receive some signal from macro base station 204 on the portable station 236. In this use, duplexer 208 separates the 

forward link. However, this invention assumes that the received transmissions from portable station 236 and feeds 

mobile station is not in soft handoff with the macro base them to receiver 324. This is not shown in the FIGS as this 

station. Thus, the macro base station 204 may be providing is well known in the art. 

some interference to portable station 236 and portable 5 In the preferred embodiment, the scaling factor, g, is 

station 236 may not be obtaining signals with desired user determined in accordance with the received power of (he 

information from macro base station 204. Similarly, macro forward link signal as measured by power measurer 310, as 

base station 204 may be receiving some signal from portable well as the gain of the micro base station forward link signal 

station 236; however, it is not processing the reverse link ^ transmitted by transmitter (XMTR) 314. The scaling 

from portable station 236 and, thus, the received signal is 10 factor, g, provides a means of scaling the received macro 

interference. t*ase station forward link signal with respect to the micro 

It should be noted that both mobile station 222 and base station forward link data signal, which has been upcon- 

portable station 236 could be any type of wireless subscriber J^rted and amplified by XMTR 314. This scahng is per- 

station, whether mobile, portable, or otherwise. However. ^T*^ t'"^^' ^^^"^ ^"^^'^"^ ^'^^ °^ retransmit- 

for purposes of illustration clarity and simplicity, they will 15 tf d macro base station fonvard Imk data at mobile station 

be referred to herein as a mobile station 222 and a portable ^^2 without unduly degrading the of the micro base 

station 236 station s own forward hnk data at the micro base station 

^ . ' . „^ , . , - J ,■ 1 J user's portable station 236. The scaled macro base station 

Micro base sUtioD 202 also receives the forward link data ^^^^ ^. ^ ^^.^^ ^^2 with the 

signal rattsmitted by macro base station 204 over forward ^j^^ ^ase station forward Unk signal generated by XMTR 

hnk path 224. Tie signal is captured by micro base station ^^^^jj^, ^^^j^^^ ^^^^^^ ^ .^^ 

antenna 2M and routed by duplexer 208 to combmer 214. ^^^^ ^ ^^^^^ jOS to antenna 206 where it is radiated 

Combmer 214 combines the forward hrik data signal trans- j^^^j ^30 and 232. 

mitled by macro base station 204 with the micro base _ , . i. r t • • . 

sution's own forward link data. The resultant combined a second embodiment of the present mvention, the 

f J 1- 1 J * • 1 • *u » -I *u u J I 25 micro base station 202 combmes the macro base station 

forward link data signal is then transmitted through duplexer ^ -, , - . . ^ i- i 

208 and antenna 206. Tht mobile station 222 receiv^ the ^?'^';^'^. ^^S>i'^\^^y^ ovm ou^omg forward hnk 

combined forward Unk data signal over forward link path f '° intermediate frequency (IF). HG. 4 illustrates 

230. Thus, mobile station 222 is able to receive and divereity '^'^ second embodunent of the presen mvention. In this 

. - ^. . * 4- r J 1- 1 J * L *u second embodiment, the macro base station forward hnk 

combme the macro base station forward link data over both -i- • a u - u . c .a 

r J 1- 1 *u J r J 1- 1 *i. lift - 30 Signal is received by micro base station 202 over forward 

forward hnk path 226 and forward hnk path 230, improving i .w^'^a a . ^yn^ *u* * ji- i 

1. • . ,T • hnk path 224. Antenna 206 passes this received forward unk 

the signal to noise raUo that would otherwise occur in the . \ iT t >,no • u \u • i 

• • f • u 4 *• -lA-* u- J Signal through duplexer 208 to receiver 403 where the signal 

vicmity of the micro base station 202. The same oombmed . ^ , . T r™ . • r j 

forward link data signal is also received by portable station f downconverted to IF. The IF macro base station forward 

236 over forward link path 232. ^'^^^ ^ ^° ^^1*^ clemcni 304 which 
, , , ^ ^35 mtroduces a predetermmed time delay into the IF macro 

Tte duplexer 208 may also serve another fiincUon of gUtion forward link signal. The delayed IF macro base 
separaung the portable station 236 transmit frequency from station forward Unk signal is passed to scaling element 320 
the micro base station 202 transmit frequency. The signal ^^^^.1, ^^31^ delayed forward link signal according to 
which has been received from the portable station 236 is sczUng factor, g, generated by gain adjust element 312. 
then fed to a receiver and demodulator which are not shown ^ the preferred embodiment, the scaling factor, g, is deter- 
in FIG. 2. The receiver and demodulator are similar in form ^^^^ accordance with the received power of the forward 
to those used in the macro base station 204. However, the ^ y ^ measured by power measurer 310, as well as 
micro base station 202 is typicaUy designed to handle only ^^e gain of the IF micro base station forward link signal as 
a smgle call or a few calls, thus the receiver and demodulator amplified by pre-amplifier 415. The scaling factor, g, pro- 
of micro base station 202 can be much simpler in design than ^^^es a means of scaling the IF macro base station forward 
the receiver and demodulator m the macro base station 204. gig^^i ^^^^^^ to the IF micro base station forward 

In a first embodiment of the present invention, the micro link data signal which has amplified by pre-amplifier 415. 

base station 202 combines the macro base station forward The scaled IF macro base station forward link signal is 

link signal with its own outgoing forward link signal at radio combined in combiner 322 with the IF micro base station 

frequency (RF). FIG. 3 illustrates this first embodiment of 50 forward link signal. The resultant combined forward link 

the present invention. The macro base station forward link signal is provided to transmitter 414 where it is upconverted, 

signal is received by micro base station 202 over forward amplified, and transmitted through duplexer 208 over 

link path 224. Antenna 206 passes this received forward link antenna 206 where it is radiated over forward link paths 230 

signal through duplexer 208 to delay element 304. Delay and 232. 

element 304 introduces a predetermined time delay, which 55 As a result, the transmit power of the forward link of 

will be discussed in detail below, into the received forward macro base station 204 follows the curve 106 in FIG. 1. 

Unk signal. The delayed forward link signal is passed to Specifically, the effective power density (or power received 

scaUng element 320 which scales the delayed forward Unk by (he mobile station 222) of the forward Unk of macro base 

signal according to the scaling factor, g, generated by gain station 204 follows curve 106 which is very close to that 

adjust element 312. ScaUng element 320 may contain go radiated by the macro base station 204 only (curve 102) until 

attenuators, amplifiers, or both in order to adjust the level of the mobile station 222 gets close to the micro base station 

the signal from macro base station 204 to the correct level. 202. At that point, mobile station 222 is able to receive both 

The construction of these elements arc weU know in the art. the micro base station 202 and the macro base station 204, 

In the preferred embodiment, duplexer 208 is a switch as the result of which is somewhat above curve 102. If the 

is shown in FIGS. 3 and 4. As indicated above, it may be 65 mobile station 222 is very close to the micro base station 

combined with a more conventional duplexer to allow for 202, then the power is essentially that of the micro base 

antenna 206 to be used for receiving the transmissions of station 202 only and foUows curve 104. 
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Since the forward link of the macro base station 204 is on Since the micro base station 202 cannot "listen" to the 

the same frequency assignment as the forward link of the macro base station 204 forward link when the micro base 

micro base station 202, it is critical to the present invention station 202 itself is transmitting, the micro base station 202 

that the micro base station 202 is not "listening" to the macro will essentially "miss" half of the data transmitted on the 

base station 204 while the micro base station 202 itself is 5 macro base station 204 forward link. That is to say that it 

transmitting. Clearly, this would cause imacceptable self- will not be able to delay and retransmit the second half of 

interference. Thus, the present invention provides a timing each macro base station 204 forward link data interval 

scheme which avoids this self-interference. ^i-^s- Thus, the period of the switching interval is prefer- 

FIGS. 5A and SB illustrate the timing scheme of the ably chosen such that the "missed** data has a minimal effect 

present invention. FIG. 5A is a graph of the macro base jq ^° ^^'^ mobile station 222 or portable station 236 

station forward link energy over a time period. In the to demodulate and decode the combined forward link signal, 

exemplary illustration, the macro base station forward link determination of an acceptable switching period is very 

has been iUustrated over time interval Tq-Tj. The data in dependent on the design of the forward link used by macro 

time interval T0-T5 is represented in FIG. 5A as through ^^^^^^^ 204 and micro base staUon 202 on their respec- 

C5, respectively. As can be seen from FIG. 5A, the macro 15 forward links. 

base station may transmit data continuously over the time ^ exemplary forward link encoding and modulation 

interval T0-T3, as would be typicaUy done in a system scheme for a forward trafiBc channel of macro base station 

complying to the IS-95 standard. Thus, FIG, 5A represents 204 or micro base station 202 is illustrated in FIG. 6 and is 

a generic example of the macro base station forward link based upon IS-95. It should be noted that other communi- 

signal over time that would be observed on forward link path 20 ^^^^^^ channels, such as pilot and synchronization channels, 

224 of FIGS. 2, 3 and 4. noay be encoded and modulated in a similar manner. 

FIG. SB is a graph of the micro base station forward Unk However, for clarity and simplicity, the operation of a traffic 

energy over the same time intervals as FIG. 5A. The shaded channel will be discussed herein. 

portions of the time intervals indicate times when the micro J° forward link information data which has been 
base station 202 is not transmitting, but rather is "listening" 2s multiplexed into frames is presented to convolution al 
to the macro base station forward link signal as represented encoder 602. In the exemplary embodiment, the convolu- 
by FIG. 5A. The non-shaded portions represent times when ^onal code is rate thereby generating two code symbols 
the micro base station 202 is transmitting the combined for each data bit input to the convolutional encoder 602. 
signal comprising the micro base station forward link data ^ exemplary embodiment, the convolutional 
and the macro base station forward link data. As can be seen 30 encoder 602 has a constraint length of nine. Convolutional 
from FIG. SB, the micro base station 202 does not transmit encoding, as is known in the art, involves the modulo-two 
substantially continuously over the time interval Tq-Tj, but addition of selected taps of the serially time-delayed input 
rather switches roughly on the "half-interval** of each time data sequence. The length of the data sequence delay is equal 
interval between transmitting a combined signal, and reoeiv- to K-1, where K is the constraint length. Thus, the output of 
ing the macro base station forward link signal. In the 35 convolutional encoder 602 is twice the rate of the input, with 
preferred embodiment, a brief guard period, during which ^^ch of the resulting oonvolutionally encoded modulation 
the micro base station is neither transmitting a combined symbols being dependent on other adjacent modulation 
signal nor receiving the macro base station forward link symbols according to the constraint length. Clearly, other 
signal, is also provided. This guard period is represented in code rates and constraint lengths could be used. 
FIG. SB by the brief blank periods between successive 40 The output of convolutional encoder 602 is presented to 
shaded and non-shaded blocks. Thus, FIG. SB represents a symbol repeater 604. In the exemplary embodiment, symbol 
generic example of the micro base station combined forward repeater 604 repeats each ccnvolutionally encoded modula- 
link signal over time that would be observed on forward link tion symbol in accordance with the information data rate, 
paths 230 and 232 of FIGS. 2, 3 and 4. resulting in an output having a constant modulation symbol 
In the preferred embodiment, the timing scheme of FIG. 4S rate. For example, if the information data rate is at a highest 
SB is accomplished by delay element 304, and switching of ^600 bps, there is no symbol repetition. At an 
means of duplexer 208. Alternatively, receiver 324 (FIG. 3) information data rate of one-half the highest rate, or 4800 
or 403 (FIG. 4), and transmitter 314 (FIG. 3) or 414 (FIG. t»ps» each code symbol is repeated one time (each symbol 
4), respectively, may implement the switching means by occurs two consecutive times). Al an information data rate 
alternatively masking the transmit and receive signals. In the 50 of one-quarter of the highest rate, or 2400 bps, each code 
preferred embodiment, during the time represented by the symbol is repeated three times. And at an information data 
shaded periods of HG. SB, duplexer 208 routes the incom- rate of one-eighth the highest rate, or 1200 bps, each code 
ing macro base station forward link signal to delay element symbol is repeated seven times. As can be seen, this example 
304 and receiver 324 (FIG. 3) or 403 (FIG. 4). Thus, the would result in a constant modulation symbol rate of 19,200 
micro base station "listens** to the first half of each macro 55 modulation symbols per second being output from symbol 
base station forward link data interval C^-Cj of FIG. SA. As repealer 604. Clearly, other rate sets may be employed, 
previously mentioned, delay element 304 introduces a pre- The output symbols from symbol repeater 604 are pre- 
determined time delay into the received macro base station sented to block interleaver 606, which in the exemplary 
forward link signal. This predetermined time delay is equal embodiment for a traffic channel, spans 20 ms, which is 
to the switching period, i.e. one half-interval. Dtiring the 60 equivalent to 384 modulation symbols at the exemplary 
time periods represented by the non-shaded portions of FIG. modulation symbol rate of 19,200 symbols per second. The 
SB, duplexer 208 routes the outgoing combined forward link interleaver array is 24 rows by 16 columns. The symbols are 
signal to antenna 206 for radiation over forward link paths written into the array of block interleaver 606 by columns, 
230 and 232. Thus, the combined signal transmitted by the and read out in a pattern that greatly disperses adjacent 
micro base station, as represented by the non-shaded por- 65 modulation symbols. 

tions of FIG. SB, includes the macro base station forward In the exemplary case of a forward traffic channel, the 

link data from the immediately preceding half-interval. interleaved modulation symbols read out from block inter- 
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leaver 606 are input to modulo two adder 608, where they between the forward link Walsh channels. To maintain 
are masked by the long code PN sequence assigned to orthogonality, switching could be done every Walsh function 
mobile station 222. Long code generator 614 generates a PN or exact multiple of a time span of a Walsh function. To be 
sequence at a rate of 1.2288 Mcps, which is thereafter even more specific in the context of an IS-95 system, the 
downsampled to 19,200 ksps by decimator 616 to match the 5 power control bit locations are randomized and are multi- 
modulation symbol rate. The PN sequence is further down- picxed into the data stream as shown in FIG. 6. These power 
sampled by decimator 618 to mask or randomize the loca- control bits occupy one or two Walsh functions in every 1.25 
tions of the power control bits that are puncmred into the ms on the forward Unk. For the IS-95 system, one could 
forward traffic channel by multiplexer (MUX) 610. randomize the time of switching so that the mobile station 

Thereafter, the forward traffic data is orthogonally spread 10 222 receiving the macro base station 204 receives all of the 

with respect to other forward channels by an assigned traffic power control bits. The exaa switching duration and the 

channel Walsh Function having a fixed chip rate of 1.2288 exact switching time that is chosen depends upon these 

Mcps in modulo-two adder 612. Then the forward traffic items, plus others such as the complexity of delay 304. 

data is quadrature spread by I-channcl and Q-channel PN ^ should be noted that the mobile station 222 (see RG. 2) 

spreadmg sequences PN, and PN^^, respectively, m modulo- 15 which is communicating with the macro base station 204 

two adders 620 and 622. The I and Q channel data is filtered continues to transmit reverse link data to macro base station 

m filters 624 and 626, respectively, and then upconverted to 204 over reverse link path 228. Even though mobile station 

the carrier frequency, f,, by mixers 628 and 630. The 222 is receiving the combined forward link signal from 

resulting I and Q channel RF signals are then combined in ^icro base station 202 over micro base station forward link 

combiner 632 and output for further power amplification and 20 path 230, micro base station 202 does not demodulate the 

radiation over antenna 216 (see FIG. 2). The exemplary ^jg^^i ^^bile station 222 even though the signal from 

encoding and modulaUon scheme of FIG. 6 is described in j^^^^^^ ^^^^^^^ 222 could be strong enough to demodulate. In 

more detail m the above-referenced U.S. Pat. No. 5,103,459. ot^er words, mobile station 222 does not execute a handoff 

The just-described exemplary encodmg and modulation to micro base station 202 even though the pilot signal 

scheme is very robust and error resistant. As a result, the 25 strength of micro base station 202 may exceed the nominal 

amount of "listening" time may be somewhat less than 50% threshold for handoff, as discussed in the above-referenced 

duty cycle without significant loss of data. Thus, the switch- u S Pat No 5 101,501 

ing period used by the present indention in a commumcation ^^^ined forwari link signal received &om micro 

system ernploying such a powerful error codmg scheme may ^ase station 202 over forward link path 230 appears to 

be vanable over a greater range than .hat used in a system 30 ^^yie station 222 to be very similar to any other multipalh 

that has a narrower bandwrith and thus must use 1^ component originating at macro base station 204. except that 

powerful scheines^For exanq,le, m the exemplary embodi- ^ "chopped" on the half interval. Thus, the 

ment just descnbed. every mformatwn bit has been encoded ^^^y^ ^U, which in the preferred embodiment is 

by a rate V5 convolutonal encoder 602. n^erefore. every bit ^ 3^5^ of diversity combining of multipath signals, will be 

has at least two modulaUon symbol with the tower rates 35 sufBcienUy by the additional energy provided by 

having even more redundancy added by symbol repeater ^^^^ ^ ^^^y unacceptably high demodu- 

604. Furthermore, the adjacent modulation symbols are „f«^ ™ tiT- ™: cf«t;«« 

- ,,1. . y-^, lation error rates, rurtiier more, smce the micro base stauon 

greatly dispersed in time by block intcrleaver 606. u ♦ ■ *u i r 

A J J-.- It . - . 1 r 1 t 202 retransmits whatever it receives on the particular fre- 

AddiUonaUy, the constraint length of the convoluUonal assignment, i.e. the entire macro ba^e station for- 

encoder 602 and the uniqueness of the code sjnmbols used 40 ^^^j ^^.^^^^ „ ^^^jj^ 222 does 

both add to the robustness of the encodmg scheme. As a ;„„™„c-« mi 

. . «- • . 1? . • J • . increase the load on the micro base station 202. 

result, assummg sufficient energy of the transmitted signal, , .... .... 

the switching period may be on the order of miUiseconds , ^° ^^"^ "^'^^^ ^^^^^"^ ^(^^^U be withm 

without significant loss of data. Assuming a 20 ms frame, the coverage area of one inacro base station 204. In this case, 

switching period may approach 10 ms. Alteroatively, the 45 ^ ^ retransmittmg only the forward hnk of that one macro 

switching period may be less, on the order of the duration of "r^^!!''/' !f 

a single modulation symbol, in which case, every other ^,10U0 , ^cd Mar. 31, 1992, entitled "METHOD AND 

syml^l would be lost In still another embodiment, the ^yf^T^.^.^A^,^^^^^^ ^^U.^'f^?^. 

switching period may be even less, on the order of the S^^il^,y,^\?^I^^^? ^ ^^^^ CELLULAR 

duration of a single PN chip. In yet another embodiment, the 50 SYSTEM , all CDMA base stations transmit on the same 

switching period may be randomized. The determination of ^^^^^^^V and soft handoff can be used by mobile staUons. 

an acceptable switching period is very dependent on the ^^f ' ""^^^^ ^02 will re-transmit the 

design of the forward Hnk used by macro base station 204 ^^^^ ^'^^^0°^ ^^^^^^ receivmg, with a 

and micro base station 202 on their respective forward links. P^^^'' Proportional to the strength which they are being 

In the example of a system conforming to the IS-95 55 ^^^^ station 202. 

standard, the period T. ,-T, should be long enough so that „ ^ , r- n c 

. J , . ^ , ' J- L- / . *L II. lime and Frequency Reference 

the delay is greater than one PN spreading chip (so that the ^ 

multipath created by micro base station 202 is separated by In accordance with another aspect of the present invention 

at least one chip) and so that the transmitted spectrum is that the micro base station 202 demodulates at least one logical 

of the original IS-95 signal. However, the period T.^i-T,- 60 channel of the macro base station 204 forward link signal in 

should not be so long so that the mobile station 222 is not order to obtain a stable time and frequency reference. As 

able to track the phase and timing of the base stations. A previously explained, the macro base station 204 typically 

further consideration occurs with IS-95 systems with includes means for maintaining extremely accurate time and 

orthogonal forward links separated by Walsh functions. frequency reference. This is generally accomplished by 

When the mobile station receives only a part of a Walsh 65 means of a Global Positioning System (GPS) satellite 

function, then the orthogonality is somewhat lost and the receiver (not shown) or other expensive equipment, 

required signal to noise ratio increases due to the coupling However, it may be prohibitively expensive to provide such 
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precision equipment at the micro base station 202. Thus, in loop and closed loop power control methods to maximize 
the present invention, the micro base station 202 obtains the capacity and prevent excessive interference among sub- 
accurate time and frequency reference from macro base scribcr stations. In open loop power control methods, the 
station 204. pilot signal transmitted power is measured as received at the 

Referring back to FIG. 3, antenna 206 captures the macro 5 subscriber station. The subscriber station then adjusts its 
base station forward link signal from forward link path 224, ^^^^'"^^ P^^^^ ^^'^^^y \ response; the weaker the 
and routes it to receiver (RCVR) 324 via duplexer 208. ^^8"^' ^^^°p' ^^^'^"^^f^ f ^Z^' 
Receiver 324 downconverts the RF signal, and passes it to ""^"^^^ P^^^^- 1° ^^^sed loop power control methods, the 
J J I* ^T,xMr^j^\^^£ A r! X. c cell-site transmits power adjustment commands to the sub- 
demodulator (DEMOD) 326. Demodulator 326 searches for, c.,t;«„ tu^ 

J J J 1 . -1 . L 1 L- L • . in scriber station to nominally mcrease or decrease the sub- 
acquires, and demodulates the pilot channel which is trans- 10 . . •„ U J * • -1 
i. ..- f , scriber station transmitter power by a predetermined 
mmed as part of the macro base station forward link signal. gueh a power control system and method is dis- 
ID the exemplary CDMA system this pilot si^al may be ^ ^.S. PaL No. 5.056.109. issued Oct. 8, 1991. 
used to obtain mitial system synchromzaUon and to provide ^^^.^^ "METHOD AND APPARATUS FOR CONTOOL- 
robust time frequency and phase traclang of the macro base TRANSMISSION POWER IN A CDMA CELLU- 
stahon forward hnk signal. Also m the exemplary CDMA 15 ^ ^^^^^ TELEPHONE SYSTEM." assigned to the 
system, each base station transmits a synchronization chan- ■ c *u ♦ • *- j • * • u 
\ . ! . . L assignee of the present invention and incorporated herem by 
nel which uses the same PN sequence and PN phase as the reference f j 
pilot channel and can be demodulated whenever the pilot r • • . i , . . ^ 
channel is being tracked. This sync chamiel carries a mes- , In Oiejust-mentioned patent, the combination of open and 
sage containing macro base station 204 identification and the 20 Iff POwer control is used to adjust the transmit 
exact macro base station 204 pilot PN carrier phase ofiset. P^^' °^ .^'l°Jf ^22 that are in oommumcation 

^ . . . . ^ . With macro base station 204 so as to arrive at the macro base 

This synchronization information ^passed from dernodu- ^^^^^^ 204 at substantially the same predetermined power 

lator 326 to lime and frequency unit (TFU) 330 ITU 330 is 1,^^!. The same power control techniques may be u^ to 

^en able to determine exact System Time and obtain a stable control the transmit power of all portable stations 236 that 

frequency reference from the macro base station 204. ITU communicating with micro base station 202 so as to 

330 then provides this timing and frequency mformation to ^^rive at micro base station 202 at substantiaUy the same 

transmitter 314 and receiver 324, and provides Ummg mfor- predetermined power level. However, since portable station 

matron to duplexer 208 if duplexer 208 is performmg the 236 will typically not be in communication with macro base 

switching funcuon La the context of the IS-95 system, the station 204 as long as it has satisfactory communications 

micro base station 202 may not ne^ to demodulate the sync ^ase station 202 (to avoid cellular system access 

channel of the macro base station 204 to obtain macro base charges), macro base station 204 is not able to use closed 

stauon Identification and pilot PN earner phase ofiset. This ^ ^^^^ commands to instruct portable station 

IS because micro base station 2(^ doesn't move and this 236 to "turn down'* its transmitter power. As is shown in 

mformauon is static. T^u^ this mformation can be supplied piG. 2, the received power from the micro base station 202 

to micro base station 202 by other means such as by the g^^^ ^^aker as the portable station 236 moves further away 

mstaller of the micro base station 202. ^-^^ ^ase station 202. As a result of both open and 

The same teachings are applicable to the embodiment of dosed loop power control, portable station 236 communi- 

FIG. 4 with respect to receiver 403 and transmitter 414. eating with micro cell 202 will transmit enough power to be 
Micro base station 202 may then track the macro base station ^ received by micro cell 202. As a consequence, as portable 

pilot channel continuously, or it may "freewheel" for a station 236 moves farther away from micro base station 202, 

predetermined time period, and obtain System Time and it would continue to increase its power to a level which 

frequency reference updates only periodically. could cause unacceptable interference on reverse link path 

It should be noted that although the time and frequency 228. 

referencing aspect of the present invention has been 45 In the present invention, this unacceptable interference is 

described herein with reference to an exemplary CDMA avoided by the micro base station 202 either terminating 

system, the teachings of the present invention are equally communication with portable station 236 or executing a 

applicable to other communication systems, whether digital handoff of portable station 236 to macro base station 204 

or analog, and regardless of the modulation or channeliza- when the transmit power of portable station 236 exceeds a 

tion scheme employed. For example, the present invention 50 predetermined threshold. In a first embodiment, the micro 

may also be used in a communication system where the base station 202 itself determines when the transmit power 

macro base station pilot channel itself carries a System Time of portable station 236 may be too high. 

reference. Additionally, the pilot channel may not be on the In this first embodiment, applicable to either FIG. 3 or 4, 

same carrier frequency or time slot as any of the other the reverse link signal from portable station 236 is received 

forward link channels. The present invention is not intended 55 by antenna 206 and passed to receiver 324 (FIG. 3) or 

to be limited to the specific examples shown herein, and one receiver 403 (FIG. 4). Receiver 324 or 403 downconverts 

of ordinary Ml in the art may apply its teachings to a wide the received reverse link signal as previously discussed, and 

variety of communication systems. passes it to demodulator 326. Power control command 

„. „ o • ,^ ^ 1 generator 332 measures the average power of the demodu- 

ni. Micro Base Station Power Control ^^^^^ ^^^^^ ^-^^^ ^^^^^^^ ^^3^^^ 236, compares 

In accordance with another aspect of the present that average power with a desired threshold, and generates 

invention, the micro base station 202 controls the reverse either a "tum up" or "turn down" command for transmission 

link power level of portable station 236 to avoid excessive to portable station 236 through transmitter 314 (FIG. 3) or 

interference with the reverse link signals of other subscriber 414 (FIG. 4) in the manner discussed in the above- 
stations, such as mobile station 222, that are received at 65 referenced U.S. Pat. No. 5,056,109. 

macro base station 204. As is known in the art, wireless Intuitively, as portable station 236 travels away from 

communication system 200 may use a combination of open micro base station 202, the average reverse link signal power 
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as measxired by power control command generator 332 will 
tend to decrease due to path loss. In response, power control 
command generator 332 will transmit a scries of "turn up" 
commands to portable station 236. In this first embodiment, 
power control command generator 332 keeps track of how 
frequently it is required to transmit a ''turn up" command to 
portable station 236. If it transmits more than a predeter- 
mined number of "turn up" commands in a sequence of 
power control commands, corresponding to the condition 
where portable station 236 is having to transmit at a rela- 
tively high power level in order to provide a sufficient 
reverse link signal over reverse link path 234, micro base 
station 202 will either terminate communication with por- 
table station 236, or execute a handoff of portable station 
236 to maCTO base station 204. For example, if the micro 
base station transmitted K power up commands in a group 
of N power control commands, then the micro base station 
may determine that the personal station has exceeded the 
desired range. 



10 



No. 5,101,501. This permits micro base station 202 to 
determine whether to hand portable station 236 pS to macro 
base station 204. 

The previous description of the preferred embodiments is 
provided to enable any person skilled in the art to make or 
use the present invention. The various modifications to these 
embodiments will be readily apparent to those skilled in the 
art, and the generic principles defined herein may be applied 
to other embodiments without the use of the inventive 
faculty. Thus, the present invention is not intended to be 
Umited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 
novel features disclosed herein. 

We claim: 

1. A method for operating a first wireless base station on 
a same frequency band as a second wireless base station, 
said first wireless base station generating and transmitting a 
first forward link data signal and communicating with a first 
subscriber station, said second wireless base station gener- 



. aling a second forward link data signal and communicating 

In a second embodiment, the transmit power of portable 20 with a second subscriber station, the method comprising the 



station 236 is limited to a predetermined maximum level 
when communicating with micro base station 202. This can 
be accomplished by some prefixed rules in the programming 
of portable station 236 so that when the portable station is 
using the micro base station 202, its transmit power is 25 
Hmited to the predetermined maximum level. It should be 
noted that the portable station 236 would not perform such 
limiting when communicating with the macro base station 
204. This power limitation can be readily accompHshed by 
one skilled in the art, for example, by modifying the teach- 30 
ings of the abovc-rcfcrenccd U.S. Pat. No. 5,056,109 to 
provide for the portable station 236 to ignore "turn up" 
commands once its transmit power has exceeded the prede- 
termined maximum level while it is communicating with 
micro base station 202. A circuit designed to ignore "turn 35 
up" commands after the portable station 236 transmit power 
exceeds a predetermined threshold is disclosed in U.S. Pat. 
No. 5,452,473, entitled "REVERSE UNK, TRANSMIT 
POWER CORRECTION AND LIMITATION IN A 
RADIOTELEPHONE SYSTEM," issued Sep. 19, 1995, 40 
assigned to the assignee of the present invention and incor- 
porated herein by reference. In this embodiment, the micro 
base station 202 will be able to sense that the portable station 
236 is at the edge of the cell coverage by noting that the 
portable station 236 has not complied with a series of "turn 45 
up" commands. The micro base station 202 may then release 
the call. However, a conventional maximum power level 
would be used by ibe portable station 236 when communi- 
cating with macro base station 204. 

Power limitation of portable station 236 can also be 50 
accomplished by a command from micro base station 202 
which indicates to the portable station 236 to limit its 
transmit power to a maximum level. Micro base station 202 
may determine this maximum level by monitoring (with 
power measurer 310 of FIGS. 3 and 4) the amount of power 55 
received from macro base station 204. The higher the 
received power firom macro base station 204, the higher the 
allowed maximum transmit power of portable station 236 
may be without causing undue interference to other mobile 
stations operating within the macro base station's 204 cell. 60 

Alternatively, portable station 236 can signal micro base 
station 202 with a signaling message indicating that it has 
reached its power limit or a power threshold. Along with this 
signaling message, portable station 236 may indicate the 
pilot strengths of surrounding base stations, as is done with 65 
the existing lS-95 Pilot Strength Measurement Message and 
described in further detail in the above-referenced U.S. Pat. 



steps of: 

a) receiving, at said second wireless base station, said first 
forward link data signal; 

b) combining, at said second wireless base station, said 
received first forward link data signal with said second 
forward link data signal to form a combined forward 
link data signal; and 

c) transmitting, from said second wireless base station, 
said combined forward link data signal. 

2. The method of claim 1 further comprising the step of 
delaying said received first forward hnk data signal for a 
delay period. 

3. The method of claim 2 further comprising the step of 
switching between said step of receiving said first forward 
fink data signal and transmitting said combined forward Link 
data signal at a switching period. 

4. The method of claim 3 wherein said switching step of 
switching is performed at a 50% duty cycle. 

5. The method of claim 3 wherein said delay period is 
greater than one PN spreading chip in duration. 

6. The method of claim 3 wherein said step of switching 
occurs only at Walsh function boundaries. 

7. The method of claim 3 wherein said switching period 
is of random duration. 

8. The method of claim 3 further comprising the steps of: 

a) measuring a power level of said delayed received first 
forward link data signal; and 

b) adjusting said power level of said delayed received first 
forward link data signal in response to said measuring 
step. 

9. The method of claim 3 further comprising the steps of: 

a) transmitting power control commands to said second 
subscriber station, each of said power control com- 
mands indicating an increase or decrease in transmit 
power; and 

b) terminating communication with said second sub- 
scriber station if said second base station transmits a 
predetermined number of consecutive power control 
commands indicating an increase in transmit power. 

10. The method of claim 3 further comprising the steps of: 

a) transmitting power control commands to said second 
subscriber station, each of said power control com- 
mands indicating an increase or decrease in transmit 
power; and 

b) executing a handoff of said second subscriber station to 
said first base station if said second base station trans- 
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mils a predetermined number of consecutive power 
control commands indicating an increase in transmit 
power. 

11. The method of claim 3 further comprising the step of 
said second subscriber station Limiting transmit power to a 
predetermined maximiun level when communicating with 
said second base station, said predetermined maximimi level 
being less than a conventional maximum level used when 
communicating with said first base station. 



22. The system of claim 18 wherein said switching period 
is of random duration. 

23. The system of claim 18 further comprising: 

a) a power measurer for measuring a power level of said 
delayed received first forward link data signal; and 

b) a gain adjuster for adjusting said power level of said 
delayed received first forward link data signal in 
response to said power level measurement. 

24. The system of claim 18 further comprising a power 



12. The method of claim 11 further comprising the step of lo control command generator for generating power control 
said second base station commanding said second subscriber commands, each of said power control commands indicating 
station to limit transmit power to said predetermined maxi- an increase or decrease transmit power, and wherein said 
mum level. second base station terminates communication with said 

13. The method of claim 11 further comprising the step of second subscriber station if said second base station trans- 
said second subscriber station transmitting a signaling i5 ^ power control commands indicating an increase in 
message, indicating that said second subscriber station is transmit power within a group of N power control 
transmitting at said predetermined maximum level, to said commands, where K is a predetermined number less than N. 
second base station. 25. The system of claim 18 further comprising a power 

14. The method of claim 3 further comprising the steps of: control command generator for generating power control 

a) demodulating, in said second base station, said received 20 ^^mm^ds, each of said power a)ntml commands i^^^^^^ 
first forward link data signal; and 

b) determining a time reference from said demodulated 
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received first forward link data signal. 

15. The method of claim 3 further comprising the steps of: 

a) demodulating, in said second base station, said received 
first forward link data signal; and 

b) determining a frequency reference from said demodu- 
lated received first forward fink data signal. 

16. A system for providing personal base station opera- 
tions within the coverage area of a wireless communication 
system, the system comprising: 

a) a first wireless base station for generating and trans- 
mitting a first forward link data signal on a predeter- 
mined firequency band; and 

b) a second wireless base station for generating a second 
forward link data signal, said second wireless base 
station comprising: 

1) a receiver for receiving said first forward link data 
signal; 

2) a combiner for combining said received first forward 
link data signal with said second forward link data 
signal to form a combined forward link data signal; 
and 

3) a transmitter for transmitting said combined forward 
link data signal on said predetermined frequency 
band. 

17. The system of claim 16 further comprising a delay 
element for delaying said received first forward link data 
signal for a delay period. 

18. The system of claim 17 further comprising switching 
means for switching between said receiver and said trans- 
mitter at a switching period. 

19. The system of claim 18 wherein said switching means 
switches between said receiver and said transmitter at a 50 
percent duty cycle. 

20. The system of claim 18 wherein said delay period is 
greater than one PN spreading chip in duration. 

21. The system of claim 18 wherein said switching means 
switches between said receiver and said transmitter only at 60 
Walsh function boundaries. 



an increase or decrease transmit power, and wherein said 
second base station executes a handoff of said second 
subscriber station to said first base station if said second base 
station transmits a predetermined number of consecutive 
25 power control commands indicating an increase in transmit 
power. 

26. The system of claim 18 wherein said second sub- 
scriber station limits transmit power to a predetermined 
maximum level when comimunicating with said second base 

30 station, said predetermined maximum level being less than 
a conventional maximum level tised when communicating 
with said first base station. 

27. The system of claim 26 wherein said second base 
station commands said second subscriber station to limit 

35 transmit power to said predetermined maximum level. 

28. The method of claim 26 wherein said second sub- 
scriber station transmits a signaling message, indicating that 
said second subscriber station is transmitting at said prede- 
termined maximum level, to said second base station. 

29. The system of claim 18 further comprising: 

a) a demodulator for demodulating said received first 
forward link data signal; and 

b) time reference determining means for determining a 
time reference fi'om said demodulated received first 
forward link data signal. 

30. The system of claim 18 further comprising: 

a) a demodulator for demodulating said received first 
forward link data signal; and 

b) frequency reference determining means for determin- 
ing a frequency reference from said demodulated 
received first forward link data signal. 

31. The system of claim 18 wherein said second base 
station commands said second subscriber station to have a 
threshold which is used to detect when the subscriber 
station's output power exceeds this threshold. 

32. The method of claim 31 wherein said second sub- 
scriber station transmits a signaling message, indicating that 
said second subscriber station is transmitting at said prede- 
termined level, to said second base station. 
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